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HekoTopblie 6Mbnmnotekmn ana padotbl ¢ GPU

NVIDIA CUBLAS NVIDIA CURAND B NVIDIA CUSPARSE

GLPU USIPL

Vector Signal GPU Accelerated Matrix Algébra on 0
Image Processing Linear Algebra GPU and Multicore s

ArrayFire Matrix Sparse Linear 0 C++ STL Features 0
IMSL Library Computations Algebra for CUDA opan e
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AnpekTusbl OpenACC
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Pragram myscienc
... mocnenoBaTensin Koy ...

$ace kernels OpenACC RoMnunAaTop napananenusyet

dok=1,n1 “noACKasku” KO/

doi=1,n2 KOMMUAATOPY
... NapannenbHbIf KOG/Z..

enddo
enddo
I$acc end kernels

KoZ BbINOJIHAETCA Ha

ycKoputene

Baw ncxoaHbIM
End Program myscience Fortran nan C Kop



A3bIKM nporpammupoBaHma GPU f,%

Numerical analytics P MATLAB, Mathematica, LabVIEW

—

Fortran p OpenACC, CUDA Fortran

—

C» | OpenACC, CUDAC

C++ P Thrust, CUDA C++

Python » PyCUDA, Copperhead

C# b CUDAfy.NET, Hybridizer

E—



CUDAC

OObI4YHbIN KOA C

//:;;d saxpy_serial(int n,

~

float a,
float *x,
float *y)
{
for (int i = 0; i < n; ++1)
y[i]l = a*x[i] + y[i];
}

// Perform SAXPY on 1M elements
\\iifpy_seria1(4096*256, 2.0, x, Yy);

>

NVIDIA

NMapannenbHbIn Kog C

ﬂm obal__
void saxpy_parallel(int n,

float a,
float *x,
float *y)

“\\\

{

int 1 = blockIdx.x*blockDim.x +
threadIdx.x;
if (i < n) y[i] = a*x[i1] + y[i];
}

// Perform SAXPY on 1M elements
\\iifpy_para11e1<<<4096,256>>>(n,2.0,x,y);

http://developer.nvidia.com/cuda-toolkit
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¢ [loUcK B WUPUHY
¢ Jlenkctpa, A*, R*, Beam
¢ Hanbosnbluee He3aBUCMMOE MHOXKECTBO

¢ MuHMMaNbHOE OCTOBHOE AepeBo



BFS - NoncK B lWunMpuHy f%a

* BbiGpaTb BEpPLUMHY-MCTOYHUK

¢ MprUcBOUTb KaXKA0U BepLUMHE
AJIMHY KpaT4yaulluero nyTu ot
MCTOYHMKA




[louck B WMpUHY: lpuUnoxKeHuA

* lOCTUXKMMOCTb (Hanpumep, Npm coOopke mMycopa)

® Anroputm pacnpocTtpaHeHua gosepmsa (B rpadpmyecKux

-

)

)

BEPOATHOCTHbIX MOAENAX)
OnpepeneHue CTPYKTYpbl coobLliecTBa
HaxoxXaeHue nyTu

Graph 500 6eHuYMapK
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MacLwutabnpyembin o6xop rpada <.

¢ Duane Merrill, Michael Garland, Andrew Grimshaw, Scalable GPU
graph traversal
® Crartbsa - http://dl.acm.org/citation.cfm?id=2145832

* [lpeseHTayma - http://on-
demand.gputechconf.com/gtc/2012/presentations/S0600-Scalable-GPU-
Graph-Traversal.pdf

® Bupgeo - http://on-demand.gputechconf.com/gtc/2012/video/S0600-
Scalable-GPU-Graph-Traversal.mp4

® UcxopHbiM Kopg - https://code.google.com/p/back40computing/

¢ CkopocTb paboThbl - 6osnee 3.3 munnamapgos and 8.3 Munamapaos
pebep B CEeKyHAY Mcnosab3ya cooTBeTcTtBeHHO oamMH GPU u 4x GPU
KoHpurypaumm (Tesla C2050)
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CpaBHeHue c CPU N>
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Nehalem Tesla C2050
I'pagp LCTTEE Cpedrnd MunnuapOsbi Parallel MunnuapObi Parallel
PASPENERHOEMH anyouHa noctka pebep e cef:(dey speedup pebep e c¢5<yH6y speedup’ff
europe.osm 19314 0.3 11 x
gridSpt.5000 - 7500 0.6 7.3 X
hugebubbles e 6151 0.4 15 x
grid7pt.300 - - 679 0.12 ftooet 2.4 % 1.1 28 X
nlpkkt160 - 142 0.47 (4-coret) 3.0 x 2.5 10 x
audikwl - 62 3.0 4.6 X
cagel5s - 37 0.23 (4-coret) 2.6 X 2.2 18 x
kkt_power - 37 0.11 (4-corety 3.0x 1.1 23 x
coPapersCiteseer - 26 3.0 5.9 x
wikipedia-2007 20 0.19 (4-coret) 3.2 X 1.6 25 X
kron_g500-1ogn20 - 6 3.1 13 x
random.2Mv.128Me T - 6 0.50 (8-corett) 7.0 X 3.0 29 x
rmat.2Mv.128Me 6 0.70 (8-corett) 6.0 x 3.3 22 X

72.5 GHz Core i7 4-core (Leiserson et al.) 2.7 GHz EX Xeon X5570 8-core (Agarwal et al) 1Tvs 3.4GHz Core i7 2600K (Sandybridge)
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Anroputm Jlenkcrtpa, A*

® ANropuTMbl HaXoXAeHUA KpaTyamllero pacCToAHUSA OT OAHOM
BepLMHbl rpacda A0 BcexX oCcTaibHbIX
A* - c 3BpUCTHKOM

* JlocTynHo 60/1bliOe KoJIM4ecTBo peasm3auun Ha GPU (passiMyHoU
CTEeneHM yCnewHoCTU) U CONYTCTBYIOLLMX CTaTeEM



R* <X
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* R* - paHaOMM3UpoOBaHHaA Bepcua A*, adpcdekTnMBHO paboTarowas
B MHOrOMEpHbIX 3aZa4ax NnJiaHUPOBaHMUS

=

* Xopolwlo napannaenmsyeTtcsa

* Joseph T. Kider Jr., Mark
Henderson, Maxim Likhachev,
and Alla Safonova, High-
dimensional Planning on the

GPU - (a) graph I' generated by R* (b) graph I' generated by R*GPU

. . Fig. 3. High-level graphs I' generated for 2D planning after 3 iterations
http 0//hgpu e Org/?p - 3 203 of the main loop in R* and R*GPU. The circles represent generated states.



http://hgpu.org/?p=3203

Beam search f%a

* 0606wWweHne A*/BFS - wmprHa ppoHTa orpaHMyeHa

* Ucnonb3yeTcsa B pacno3HaBaHUM peyn

U BooOLLe Be3ae, rae Heo6xoaAMMO NOoNYYUTb CKOPOCTb, MYCTb M B ylep6
Ka4yecTBy

* Peanusauum:

* Patrick Kano, A CUDA accelerated Beam Propagation Method [BPM] Solver using
the Para“el Computing TOOlbOX, MATLAB, http://www.mathworks.com/matlabcentral/fileexchange/29114-a-cuda-

accelerated-beam-propagation-method-bpm-solver-using-the-parallel-computing-toolbox

¢ Jungsuk Kim, Kisun You and Wonyong Sung, H- and C-Level WFST-based Large
Vocabulary Continuous Speech Recognition On Graphics processing Units

Jungsuk Kim, Jike Chong, lan Lane, Efficient On-The-Fly Hypothesis Rescoring in a
Hybrid GPU/CPU-based Large Vocabulary Continuous Speech Recognition Engine,

http://www.cs.cmu.edu/~ianlane/publications/2012_Kim_Interspeech.pdf

»
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Hanbosibliee He3aBMCUMOE MHOXKECTBO N>
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* NMoaMHoxecTBo BepwmnH U € V HeopneHTupoBaHHoOro rpacga G =
(V, E)

p-
e

U - He3asucumoe, ecnm HMKaKkune ase BeplumHbl U He coeaeHUHbl pedpom
us E

® U - Haubosibwee, ecnn HUKaKaa BeplumMHa 13 V He MoxKeT 6biTb AobaBieHa
K U 6e3 HapyLleH1A yC/10BMA HE3aBMCUMOCTH

Kak {a}, TaKk u {b, c} aBnaTCA HaMOOIbLUIMMMU
He3aBMCMMbIMMU MHOXECTBaMM



MIS: lNMpunoxxeHuna

* PacKpacka rpacoB (BepLIMHHAasA)

* PelweHune CJIY c paspexkeHHOM MaTpuuen (BKaKYadA
are6panMyecKkMi MHOroceTo4HbIM MeToA)

¢ Mop,enuposaHMe noseaeHM1A TBepabiX TeJl

-

* [lapocoyeTaHue (pacKpacKa pebep)

¢ T[lonapHoe cBA3biBaHUE

* TlnaHMpoBaHMWe BbINOJIHEHUA 3a4a4 Ha cepBepax

® Paccapgka nogeu 3a CTo/bl, CaMT 3HAKOMCTB U T.A.
* Hamntu MIS B rpace G’:

¢ BepwuHa B G’ gna Kaxgoro pebpa B G

* BepwuHbl coegeHuHbl B G’ cooTtBeTcTBYIOWME pebpa B G
CMEXHblI

<A

>
P—
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* Patrice Castonguay, Jonathan Cohen, Efficient Graph Matching
and Coloring on the GPU
* [lpe3eHTayma - http://on-

demand.gputechconf.com/gtc/2012/presentations/S0332-Efficient-Graph-
Matching-and-Coloring-on-GPUs.pdf

® Bupaeo - http://on-demand.gputechconf.com/gtc/2012/video/S0332-
Efficient-Graph-Matching-and-Coloring-on-GPUs.mp4
® Cristina Nader Vasconcelos and Bodo Rosenhahn, Bipartite Graph
Matching Computation on GPU - http://www.tnt.uni-
hannover.de/papers/data/780/780_1.pdf, 7x
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MuUHUMaZIbHOEe OCTOBHOE AepeBo f,%n

¢ OcCTOBHOE AepeBO HeEOpPUEHTUPOBAHHOro rpacga, MmerLLee
MUWHUMAJIbHO BO3MOXHbIM BeC




MST: peannsaumm f,%g

* MapannenbHbii anroput™ lNMprma - Wei Wang, Yongzhong Huang,
and Shaozhong Guo, Desigh and Implementation of GPU-Based
Prim's Algorithm - http://www.mecs-press.org/ijmecs/ijmecs-v3-
n4/IJMECS-V3-N4-8.pdf

[MapannenbHbiM anroputm bopyBkm - Vibhav Vineet, Pawan Harish,
Suryakant Patidar, P. J. Narayanan, Fast Minimum Spanning Tree
for Large Graphs on the GPU -
http://cvit.iiit.ac.in/papers/VibhavO9Fast.pdf, 30x-50x
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